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(54) Rod baffle heat exchangers utilizing dual support strip

(57)  Arod baffle heat exchanger (10) utilizing an im-
proved rod baffle (16,18,20,22) is disclosed. The im-
proved rod baffle has a baffle ring (48) and support <+
member (50) comprised of a first strip (52) and a second
strip (54) each attached to the ring and extending across
said ring such that each strip will support an adjacent
tube row. Struts (56) are attached to and extend be-
tween the first and second strip. The improved rod baffle 7 :
provides for a reduced longitudinal-flow, shell-side pres-
sure drop over a solid support member.
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Description

The present invention relates generally to heat ex-
changers, and more particularly, but not by way of limi-
tation, to rod baffle heat exchangers.

Rod baffle heat exchangers are shell and tube type
heat exchangers utilizing rod baffles to support the
tubes and secure them against vibrations. Additionally,
rod baffles can be used to correct shell-side flow mald-
istributions and to create a more turbulent shell-side
flow. The term "baffle" refers to an annular ring in which
the ends of a plurality of support rods are connected,;
hence the term "rod baffle".

In certain applications, such as surface condensers
and power plant applications, it is critical to minimize lon-
gitudinal-flow, shell-side pressure losses within a rod
baffle heat exchanger. Reduction in shell-side pressure
losses may be accomplished by increasing rod baffle
spacing, thereby reducing the number of rod baffles, or
by decreasing the number of tubes by increasing the
tube pitch dimension, i.e., the distance between two ad-
jacent rows of tubes as measured from the center of the
tubes. Increasing baffle spacing is usually not a viable
option, since increased baffle spacing increases the
likelihood of flow-induced tube vibration occurrence.
Decreasing the tube count by increasing tube pitch di-
mension produces decreased shell-side pressure loss
for longitudinal-flow between rod baffles, but requires
oversized support rod diameters, which in conventional
rod baffle designs must be equal to tube pitch minus
tube outer diameter. This increase in support rod diam-
eter produces increased rod baffle pressure loss contri-
butions, which may offset any decrease in longitudinal-
flow, shell-side pressure loss attributed to reduce tube
count. It, therefore, would be advantageous to reduce
the longitudinal-flow, shell-side pressure loss in a rod
baffle heat exchanger without significantly increasing
the rod baffle pressure loss contribution and without in-
creasing the likelihood of flow induced tube vibration oc-
currence.

Summary of the Invention

It is one object of this invention to provide a rod baf-
fle heat exchanger having a reduced shell-side pressure
loss compared to prior rod baffle heat exchangers and,
yet, avoiding any increase in the likelihood of flow-in-
duced tube vibration occurrence.

It is another object of this invention to increase the
tube pitch dimension of a rod baffle heat exchanger with-
out a significant increase in the longitudinal-flow, shell-
side pressure loss contributions of the support rods.

In accordance with this invention, there is provided
arod baffle heat exchanger comprising a plurality of par-
allel tubes with a common axis of alignment arranged to
form a plurality of tube rows with lanes between adjacent
tube rows; a ring surrounding the plurality of tubes; and
a plurality of support members, which replace conven-
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tional rods in a rod baffle exchanger, positioned in at
least a portion of the lanes, with each support member
having a first strip, a second strip and a plurality of sup-
port struts, wherein the first strip has a first end and a
second end which are fixedly secured to the ring so that
the strip extends along a first chord of the ring with the
first chord lying in one of the lanes between the adjacent
tube rows such that the first strip is in contact with sub-
stantially all the tubes in the first row of the adjacent tube
rows forming the lane, wherein the second strip has a
first end and a second end which are fixedly secured to
the ring so that the second strip extends along a second
chord of the ring with the second chord lying in the lane
between the adjacent tube rows such that the second
strip is in contact with substantially all the tubes in the
second row of the adjacent tube rows forming the lane,
and wherein the support struts are spaced along the first
strip and the second strip such that each support strut
extends from the first strip to the second strip and has
a first end fixedly secured to the first strip and a second
end fixedly secured to the second strip.

Brief Description of the Drawings

FIG. 1 is a side elevation view of a shell and tube
type heat exchanger constructed in accordance with the
invention with portions of the shell broken away to more
clearly illustrate the internal structure.

FIG. 2 is an enlarged cross-sectional view taken
along line 2-2 of FIG. 1.

FIG. 3 represents elevation views of a four baffle
set according to the invention.

FIG. 4 is an enlarged partial cross-sectional view
more clearly illustrating the upper portion of the rod baf-
fle illustrated in the embodiment of FIG. 2.

FIG. 5 is an enlarged partial view of the support
member utilized in FIG. 4, more clearly illustrating the
support member of the invention.

FIG. 6 is a cross-sectional view taken along line 6-6
of FIG. 5.

Detailed Description of the Invention

Referring now to the drawings, and to FIG. 1 in par-
ticular, there is illustrated a shell and tube heat exchang-
er 10 wherein a rod baffle bundle 12 is surrounded by
shell 14. The tubes 28 in the tube bundle 12 are sup-
ported by a plurality of rod baffle assemblies 16, 18, 20
and 22. One fluid enters the shell-side of the shell and
tube heat exchanger 10 through inlet 26 and after heat
exchange with the fluid in the tubes 28 leaves the shell-
side via outlet 30. The fluid flowing through the tube side
of the heat exchanger enters the endcap 38 of the heat
exchanger via inlet 32 and leaves the endcap 44 of a
heat exchanger via outlet 34. This fluid flows from end
chamber 36 which is defined by endcap 38 of the heat
exchanger and the tube sheet 40 through the tubes 28
and into the opposite end chamber 42 which is similarly
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defined by the endcap 44 and the other tube sheet 46.

The tubes 28 can be arranged in a square pattern
as shown in FIG. 2. The tubes 28 are kept in position by
a plurality of rod baffle assemblies 16, 18, 20 and 22.
These rod baffle assemblies, an example of which is
shown in FIG. 2, each comprise a baffle ring 48 and a
plurality of baffle support members 50, in the form of du-
al support strips, that are fixedly secured at their oppo-
site ends to the baffle ring 48 and are evenly spaced so
that they extend between pairs of the parallel rows of
tubes 28.

Typically, the baffle support members 50 will extend
horizontally, as shown in FIG. 2, or else they will extend
vertically. Generally, the shell and tube heat exchanger
will have a series of rod baffle assemblies with at least
a portion of the rod baffle assemblies having horizontally
extending baffle support members and at least a portion
of the rod baffle assemblies having vertically extending
baffle support members. Preferably, the tube and shell
heat exchanger 10 will have at least one four baffle set
comprising two vertical rod baffle assemblies and two
horizontal rod baffle assemblies with the baffle support
members 50 spaced so that they extend between alter-
nate pairs of vertical or horizontal, parallel rows of tubes
28. Furthermore, the pair of horizontal rod baffle assem-
blies should have the baffle support members 50 posi-
tioned such that the tube rows between which the baffle
support members 50 extend are not the same tube rows
for both horizontal rod baffle assemblies. Similarly, the
baffle support members 50 of the vertical rod baffle as-
semblies would have the baffle support members 50 po-
sitioned such that the tube rows between which the baf-
fle support members 50 extend are not the same tube
rows for both vertical rod baffle assemblies. Such a four
baffle set allows for adequate tube support while mini-
mizing shell-side pressure loss contributions of the sup-
port rods. A four baffle set is illustrated in FIG. 3.

FIG. 3 shows first rod baffle assembly 16, second
rod baffle assembly 18, third rod baffle assembly 20, and
fourth rod baffle assembly 22. Rod baffle assembly 16
and 20 contain horizontal baffle support members 50
while rod baffle assemblies 18 and 22 contain vertical
baffle support members 50. It will be noted, however,
that the rows of tubes 28 between which the support
members 50 of rod baffle assembly 20 extend are not
the rows of tubes 28 between which the support mem-
bers 50 of rod baffle assembly 16 extend. The baffle sup-
port members of rod baffle assembly 20 are positioned
between horizontal tube rows which are opened or un-
baffled in the rod baffle assembly 16. It will, also, be not-
ed that the tube rows between which the support mem-
bers 50 of the rod baffle assembly 22 extend are not the
tube rows between which the support members 50 of
rod baffle assembly 18 extend. The support members
of rod baffle assembly 22 are positioned between verti-
cal tube rows which are opened or unbaffled in the baffle
assembly 18. Thus, the four baffles together provide ra-
dial support on all four sides of each tube 28.
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The four baffle set of rod baffle assemblies is further
described in U.S. Patent No. 5,139,084 and U.S. Patent
No. 4,398,595, both of which are hereby incorporated
by reference.

Additionally, cross-support members (not shown)
can be provided to add further support to tubes 28.
Cross-support members would be similar to support
members 50 in design but extend across the baffle ring
to which they are attached perpendicular to the support
members 50 also attached thereto.

Turning now to FIGS. 4, 5 and 6, the baffle support
member 50 illustrated in FIGS. 2 and 3 can be better
seen. The baffle support member 50 is in the form of
dual support strips and is comprised of a first rod or strip
52, a second rod or strip 54 and a plurality of support
struts 56. First strip 52, second strip 54 and a pair of
support struts 56 together define a passage 58 through
which shell side fluid can flow.

The ends of first strip 52 are attached by a suitable
method, such as welding, to baffle ring 48. Similarly, the
ends of second strip 54 are attached to baffle ring 48.
Each pair of strips, first strip 52 and first strip 54, are
positioned such that first strip 52 extends along a first
chord of the ring with the chord lying in the lane between
two adjacent tube rows such that the first strip 52 is in
contact with substantially all the tubes in one of the tube
rows and the second strip 54 lies along a chord in the
same lane but in contact with substantially all the tubes
in the other tube row forming the lane. Thus, first strip
52 comes in contact with and supports the tubes of one
of the tube rows while second strip 54 comes in contact
with and supports the tubes of the other tube row. Sup-
port struts 56 are spaced along the first and second strip
such that each support strut extends from the first strip
to the second strip and has a first end fixedly secured
to the first strip 52 and a second strip fixedly secured to
the second strip 54. The struts 56 can be attached to
each strip by any suitable manner, such as welding. The
struts 56 help provide structural integrity to the baffle
support members by giving the baffle support members
greater rigidity than the first strip or second strip would
have alone. The structural support provided by the struts
56 will be greatest at the strut location and, therefore, it
is preferable that the struts be located at each tube lo-
cation so that they provide maximum support against
tube vibrations.

The thickness w of the first and second strip should
be chosen in order to assure adequate support of tubes
28 and to maximize the passages 58 formed by the first
strip 52, the second strip 54 and struts 56. By maximiz-
ing the passages 58 the maximum flow of shell-side fluid
will be obtained and, thus, the longitudinal shell-side
pressure loss will be minimized. While thickness w of
the individual support rods may vary, in order to maxi-
mize structural support and minimize shell-side pres-
sure loss the thickness should be from about 10 percent
to about 40 percent of the spacing d between adjacent
tube rows, preferably the thickness will be from about
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20 percent to about 30 percent of the spacing d between
adjacent tube rows and most preferably about 25 per-
cent of the spacing d between adjacent tube rows. The
spacing d can be found by subtracting the tube outer
diameter from the tube pitch p. Thus, by maximizing the
gaps 58 while still assuring adequate support of the
tubes 28, a support member according to the invention
will cause less of a longitudinal-flow, shell-side pressure
drop than a solid rod or support member and still secure
the tubes against vibrations.

To assemble the heat exchanger 10, the tubes 28
are inserted through the baffle assemblies 16, 18, 20,
22 etc. which are spaced apart as illustrated in FIG. 1.
At this point the tubes 28 are supported by the baffle
support members 50 of the baffle assemblies 16, 18, 20
and 22. The ends of the tubes 28 are then received
through the corresponding apertures formed in the tube
sheets 40 and 46. When suitably positioned, the tubes
28 are fixedly secured to the tube sheets 40 and 46 with
each end of each tube forming a fluid tight seal with the
corresponding aperture in each tube sheet.

Alternatively, the first end of each tube 28 can be
fixedly secured to the tube sheet 40 before insertion of
the tubes 28 through the baffle assemblies with each
first end of each tube 28 forming a fluid tight seal with
the corresponding aperture in the tube sheet 40. After
insertion of the tubes 28 through the baffle assemblies,
the second ends of each tube 28 are fixedly secured to
the tube sheet 46 with the second end of each tube 28
forming a fluid tight seal with the corresponding aperture
in the tube sheet 46.

The tube bundle 12, thus assembled, is inserted in-
to the open end of the shell 14 and properly positioned
therein at which time the open ends of the shell 14 are
closed by suitable endcaps 38 and 44.

Reasonable variations and modifications which will
be apparent to those skilled in the art can be made in
this invention without parting from the spirit and scope
thereof.

Claims
1. An apparatus comprising:

a plurality of parallel tubes with a common axis
of alignment arranged to form a plurality of tube
rows with lanes between adjacent tube rows;

a ring surrounding said plurality of tubes; and

a plurality of support members positioned in at
least a portion of said lanes, with each support
member having a first strip, a second strip and
a plurality of support struts, wherein said first
strip has afirst end and a second end which are
fixedly secured to said ring so that said first strip
extends along a first chord of said ring with said
first chord lying in one of said lanes between
said adjacent tube rows such that said first strip
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is in contact with substantially all said tubes in
the first row of said adjacent tube rows forming
said lane, wherein said second strip has a first
end and a second end which are fixedly se-
cured to said ring so that said second strip ex-
tends along a second chord of said ring with
said second chord lying in said lane between
said adjacent tube rows such that said second
strip is in contact with substantially all said
tubes in the second row of said adjacent tube
rows forming said lane, and wherein said sup-
port struts are spaced along said first strip and
said second strip such that each support strut
extends from the first strip to the second strip
and has a first end fixedly secured to said first
strip and second end fixedly secured to said
second strip.

An apparatus according to claim 1 wherein said ring
lies in a plane substantially normal to said common
axis of alignment of said plurality of tubes.

An apparatus according to claim 1 wherein said
support struts are provided at each tube location.

An apparatus according to claim 1 further compris-
ing a least four of said rings each having a plurality
of said support members fixedly secured thereto
such that said rings and said support members to-
gether form a four baffle set so that each tube is
provided radial support on four sides.

An apparatus according to claim 1 wherein said first
strip and said second strip each have a thickness
from about 10% to about 40% of the spacing be-
tween adjacent tube rows.

An apparatus according to claim 1 wherein said first
strip and said second strip each have a thickness
from about 20% to about 30% of the spacing be-
tween adjacent tube rows.

An apparatus according to claim 1 wherein said first
strip and said second strip each have a thickness
of about 25% of the spacing between adjacent tube
rows.

An apparatus comprising:

a plurality of parallel tubes with a common axis
of alignment arranged to form a plurality of tube
rows with lanes between adjacent tube rows;
a plurality of rings surrounding said plurality of
tubes in a plane about normal to said common
axis of alignment;

a plurality of support members positioned be-
tween adjacent tube rows with each support
member having a first strip having a thickness
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of about 25% of the spacing between adjacent
tube rows, a second strip having a thickness of
about 25% of the spacing between adjacent
tube rows and a plurality of support struts,
wherein said first strip has afirstendandasec- 5
ond end which are fixedly secured to one of said
rings so that said first strip extends along a first
chord of said ring said first chord lying in one of
the lanes between said adjacent tube rows
such that said first strip is in contact with sub- 70
stantially all said tubes in the first row of said
adjacent tube rows forming said lane, wherein
said second strip has a first end and a second
end which are fixedly secured to said ring so
that said second strip extends along a second 15
chord of said ring with said second chord lying
in said lane between said adjacent tube rows
such that said second strip is in contact with
substantially all said tubes in the second row of
said adjacent tube rows forming said lane, 20
wherein said support struts are spaced along
said first strip and said second strip at each
tube location and each support strut has a first
end and a second end wherein said first end is
fixedly secured to said first strip and said sec- 25
ond end is fixedly secured to said second strip,
and wherein said rings and said support mem-
bers together form a four baffle set so that each

tube is provided radial support on four sides.
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